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ABSTRACT
Using ultrafast spectroscopy, we investigated electron–lattice coupling and acoustic vibrations in self-assembled silver nanocolumns embedded
in an amorphous Al2O3 matrix. The measured electron–lattice energy exchange time is smaller in the nanocolumns than in bulk silver, with
a value very close to that of isolated nanospheres with comparable surface to volume ratio. Two vibration modes were detected and ascribed
to the breathing and extensional mode of the nanocolumns, in agreement with numerical simulations.
Downsizing a material to the nanometer scale leads to large
modifications of its electronic and vibrational properties. A
better understanding of the impact of size, shape, or
environment on its electronic and vibrational properties will
open the route toward a precise tailoring of these materials
to specific applications. For instance, the effect of confine-
ment on the ultrafast electronic processes in metallic nano-
particles has been extensively studied using time-resolved
pump–probe spectroscopy.1–6 The vibrational properties of
these systems have first been investigated by spontaneous
Raman scattering in which the quadrupolar vibration modes
yield the stronger signals.7–9 In time-resolved experiments,
coherent excitation of the acoustic radial modes gives rise
to a strong modulation of the optical properties of the
nanosystem allowing measurement of both its period and
damping time.10–12 Such measurements have recently been
reported in nanosized metallic systems with different shapes
and structures.14–16 With the development of advanced
synthesis techniques, new nanomaterials and nano-objects
with well-controlled size and shape can now be created. In
particular, silver nanocolumns (NCls) embedded in amor-
phous Al2O3 matrix (a-Al2O3) have recently been fabricated
by self-assembling using alternate pulsed laser deposition.17
This technique has proven its potential for the production
of silver nanocolumns oriented perpendicularly to the
substrate with low size and shape dispersion. Earlier reported
extinction spectra of these NCls exhibit two distinct optical
resonances due to the transverse and longitudinal surface
plasmons.3,18 Raman spectroscopy has given insight into their
vibrational dynamics, but these experiments addressed vibra-
tion modes involving displacement in the transverse direction,
only. No evidence for vibration modes involving displace-
ment along the longitudinal direction was obtained.18
In this work, we report on time-resolved pump–probe
experiments on silver nanocolumns embedded in amorphous
Al2O3. We first focus on the electron–lattice energy exchange.
The measured characteristic time of this thermalization
process is smaller than that in bulk silver.5 A second set of
experiments addressed the vibrational dynamics. Two vibra-
tion modes have been detected that did not show up in low-
frequency Raman experiments.18 The period of one of them
is proportional to the NCls height, in good agreement with
calculations for the extensional mode. In contrast, the period
of the second mode is independent of the NCls height, and
it has been identified with their breathing mode. The
frequencies of all the observed vibrations are consistent with
numerical simulations using the acoustic constants of bulk
silver, supporting fabrication of a continuous structure. In
previous time-resolved experiments on gold nanorods,13 the
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extensional mode has been detected probing in the vicinity
of the longitudinal plasmon band. Indeed, the displacement
associated with this vibration mode leads to larger signals
in this spectral region. In our case, the very high sensitivity
of the experimental setup allows detecting both vibration
modes with probe energy close to the transverse surface
plasmon resonance. In addition, the time-resolved data
provide information on the damping of these modes.
The samples studied in this work have been produced by
alternate pulsed laser deposition in vacuum (10-6 mbar) using
an ArF excimer laser (pulse duration 20 ns, energy density
1.9 J·cm-2). The beam was sequentially focused on the
surface of high-purity Al2O3 and Ag rotating targets. First,
a layer of amorphous Al2O3 was deposited to serve as
substrate where a layer of Ag nanoparticles (Nps) nucleated
following the Volmer–Weber growth mode of metal on an
oxide surface.18,19 Then the spaces among the Nps were filled
with an additional layer of a-Al2O3. The so-obtained layer
is used as a template in which the preferential sites for the
nucleation are located on top of the NPs. The Ag atoms
arriving consecutively nucleate preferentially on these sites,
leading to the production of self-aligned NCls.17 Each sample
consists in n cycles of ablation metal-matrix, thus leading
to one layer of NCls with an increasing height as n increases
from 5 to 20. The films were simultaneously produced on a
silicon substrate for transmission electron microscopy (TEM)
cross-sectional studies and low-frequency Raman spectros-
copy, and on a glass substrate for absorption measurements
and time-resolved experiments, and on carbon-coated mica
for TEM plan view analysis.
The morphology and structure of the films have been
studied by transmission electron microscopy (TEM) with a
JEOL 4000EX microscope operating at 400 kV with a point
to point resolution of 0.17 nm. The cross-sectional specimens
have been prepared by focused ion beam (FIB) with internal
lift out using a FEI Nova 200 NanoLab dual beam SEM/
FIB system. This study has confirmed that the specimens
consist in NCls with characteristic dimensions summarized
in Table 1. In the case of n ) 10, NCls with different aspect
ratios were produced by changing the ablation time of Ag
and Al2O3. Figure 1a shows a top view and a cross-section
view corresponding to the sample N10a; the NCls appear as
dark areas. All NCls are polycrystalline and oriented
perpendicularly to the substrate ((x, y) plane). We can also
observe in the cross-section view that the NCls are not always
perfectly continuous, instead their shape looks like a “nano-
peanut” rather than a prolate or cylindrical NCl.
Figure 1b shows the extinction spectra of sample N10a
obtained with s- or p-polarized incident light. As expected,
a single band around 390 nm is observed with s-polarized
light. It is due to the transverse SPR because of the in plane
circular symmetry of the NCls. In the case of p-polarized
light the spectrum shows two bands, at 390 nm (same as for
s-polarized), and 540 nm, due to the transverse and longi-
tudinal SPR,respectively.3 The observed longitudinal-
transverse surface plasmon splitting is much smaller than
the one calculated for isolated NCls. This is most likely due
to the small separation between adjacent NCls and their side-
by-side orientational assembling3,18,20 which allows strong
interaction between the localized surface plasmons.
Time-resolved experiments were performed in a two-color
configuration with the incident pump and probe beams quasi-
normal to the sample surface. The experimental setup is
based on a homemade 15 fs Ti-sapphire oscillator working
at 860 nm with a 80 MHz repetition rate. The pulse train is
split into two beams, one of them being frequency-doubled
in a 100 µm thick BBO crystal, to create the pump and probe
pulses at two different wavelengths. The pump-induced
change of the probe transmission ∆T/T is detected using a
standard pump–probe setup with mechanical chopping of the
pump beam at 1.5 kHz and lock-in and differential detection
of the transmitted probe energy. The high stability and
repetition rate of our setup enable us to achieve high
Figure 1. (a) Cross section (z) and plan view (x,y) images of the sample N10a containing self-assembled NCls embedded in a-Al2O3
matrix. This sample was produced with 10 cycles. (x,y) is the substrate plane. (b) Corresponding experimental extinction spectra recorded
with s- and p-polarized light. The curves have been slightly shifted along the y-direction for more clarity.
Table 1. Number of Cycles n, Average In-Plane Diameter
〈D〉, and Height 〈H〉
sample
name
no. of
cycles (n)
〈D〉 (fwhm)
(nm)
〈H〉 (fwhm)
(nm)
N5 5 2.4 (0.2) 6.5 (0.2)
N10a 10 2.4 (0.2) 8.6 (0.2)
N10b 10 2.1 (0.2) 12.4 (0.3)
N20 20 2.4 (0.2) 13 (1)
In parentheses is given the full width at half-maximum (fwhm) of the
respective statistical distribution.
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sensitivity measurements with a noise level in the 10-7 range,
after averaging over 100 scans, i.e., for about 1 h for the
pump–probe time-delay window used here.
First, we report on measurements of the electron–lattice
energy exchange in the silver nanocolumns. In the pump-
–probe experiments, the conduction electrons of the metallic
nanocolumns are first driven out of equilibrium by intraband
absorption of the pump pulse at 430 nm (the pump photon
energy is smaller than the interband transition threshold of
3.9 eV in silver). Following optical excitation, electrons
redistribute their excess energy among themselves via
electron–electron scattering yielding a Fermi-Dirac distribu-
tion at higher temperature in a few hundred femtoseconds
(350 fs in bulk silver).21,22 Thermalization of the whole
nanoparticle (electron gas and lattice) is achieved by elec-
tron–lattice energy exchange on a slightly longer picosecond
time scale.1–6,21–23 The excess energy of the nanoparticle is
subsequently damped to the matrix on a few tens of
picoseconds. The energy losses from the electron gas to the
lattice of the silver NCls were probed in the near-infrared
region. In this configuration the measured sample transmis-
sion change ∆T/T is not influenced by the details of the
electronic distribution and is almost proportional to the
energy excess of the electron gas.21–23 Figure 2 shows the
∆T/T signal measured on sample N5. After a sharp rise in
the first hundreds of femtoseconds following energy injection,
∆T/T decreases due to energy losses from the electron gas
to the lattice. Assuming that both the electron gas and the
lattice are thermalized, these energy exchanges can be
described using the two-temperature model.24,25 In the low
perturbation regime (electronic temperature rise smaller than
200 K), this model predicts a monoexponential decay of the
electronic excess energy with a characteristic time τe-ph. The
latter can thus be extracted by fitting a monoexponential
decay to the experimental data (Figure 2).
We have obtained a characteristic time τe-ph very close to
580 fs in all the studied samples. This value is much smaller
than the one, 870 fs, determined for bulk silver indicating a
faster electron–lattice thermalization in the NCls. Previous
systematic investigations of the size effects on the electron
internal thermalization and electron–lattice thermalization in
spherical metal nanoparticles have pointed out an acceleration
of these electronic processes with decreasing size. Though
a full theoretical model has still to be developed, this has
been attributed to enhancement of the electron-ion coupling
close to the nanoparticle surface due to reduction of the
screening of the Coulombic interactions.5,21 The role of this
effect increases with size reduction, i.e., as the impact of
surface effects increases as compared to volume ones.5 As a
first approximation the electron–lattice energy exchange rate
can thus be written as the sum of a volume and a surface
contribution. The latter is responsible for increase of the
electron–lattice coupling with nanoparticle size reduction,
with an amplitude proportional to the nanoparticle surface
over volume ratio. This simple argument is in very good
agreement with our results in silver NCls. Actually, the
characteristic time τe-ph measured here corresponds to that
in silver nanospheres with a diameter between 3 and 4 nm.5
Very interestingly, the surface to volume ratio of our NCls
is the same as that of nanospheres with diameter between 3
and 3.3 nm. As in nanospheres, we thus ascribe reduction
of the electron–lattice energy exchanges in NCls to surface
effects.
We performed a second set of experiments addressing
specifically the vibrational properties of the NCls. Following
excitation by an ultrashort pump pulse, thermal expansion
of the lattice is induced either directly (electron pressure) or
indirectly (lattice heating). This excitation process, shorter
than the period of the low-frequency acoustic vibration
modes, will launch impulsively acoustic vibrations associated
to a volume change of the NCls.11,12 In the particular case
of pump–probe experiments in nanorods only two types of
vibration eigenmodes are excited: the radial and the exten-
sional modes.26 The fundamental radial mode, the so-called
breathing mode, involves a periodic radial expansion-
contraction displacement in the transverse direction. The
fundamental extensional mode involves expansion in the
longitudinal direction with a smaller contraction in the
transverse one. For a perfect free nanocolumn (cylinder with
flat end surfaces in vacuum) of large aspect ratio, the period
of the radial breathing mode of order n is given by26
Tbr,cyl
free (n)) πD
φncL
(1)
where D is its diameter and cL is the longitudinal speed of
sound. n is a solution of φnJ0(φn) ) (1 - 2ν)J1(φn)/(1 -
ν), ν being Poisson’s ratio and J0 and J1 are Bessel functions
of the first kind of orders 0 and 1, respectively.
The period of the extensional mode of order n is
Tbr,cyl
free (n)) 2H
(2n+ 1)√E ⁄ F (2)
where H is the height of the nanocolumn, E is its Young’s
modulus, and F is its density.26 The excited acoustic
vibrations modulate both the volume (leading, as in nano-
sphere, to modulation of the metal dielectric function via
change of the electronic bands and electron density) and the
aspect ratio of the nanocolumns. Both effects lead to
frequency modulation of both the transverse and longitudinal
Figure 2. Temporal evolution of the transmission change ∆T/T
measured in sample N5 (D ) 2.4 nm and H ) 6.5 nm). The pump
and probe wavelengths are 430 and 860 nm, respectively. The inset
shows the same data after subtraction of the long delay background
fitted by an exponential decay with a coupling time τe-ph ) 580 fs
(dotted line), on a logarithmic scale.
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plasmon resonances which shows up as oscillations in the
relative transmission change.11,12
To improve the sensitivity of the measurements to
modulation of the surface plasmon resonance wavelength,
the sample is here excited by the near-infrared pulses and
probed at 430 nm.11,12 As shown in Figure 3, the relative
transmission change displays very small oscillations which
partially overlap with its short and long delay decays
reflecting electron–lattice thermalization and damping of the
nanocolumn energy to the matrix, respectively. The nonoscil-
lating part of the signal can be reproduced as a sum of two
exponentially decaying contributions with times 550 fs and
7.5 ps, reflecting these mechanisms. As expected, the former
is in excellent agreement with the electron–lattice coupling
time measured in the first set of experiments (Figure 2). The
difference between the experimental data and the fit reveals
a residual oscillating contribution (Figure 3, inset). Two
vibration modes are clearly visible: one with a period of
about 0.9 ps in the first 3 ps and a long period one in the
following 20 ps.
Fast Fourier transform (FFT) analysis of the time-resolved
data clearly displays two bands (Figure 4). The first one
around 38 cm-1 (T ) 0.88 ps) corresponds to the fastest
oscillations detected in the first 4 ps. Its frequency does not
depend on the height of the NCls. The second one corre-
sponds to slower oscillations and strongly shifts to lower
frequency as the height of the NCls increases. In Figure 4 is
also plotted the low-frequency Raman spectrum of one
sample.18 Only one vibration band is detected in the Raman
spectra. Its frequency is independent of the NCls height8 and
is very different from the frequencies measured using time-
resolved spectroscopy. This illustrates the very different
nature of light-matter interaction in Raman and time-
resolved experiments:27 the detected acoustic vibration modes
and their relative intensities are different. Time-domain
experiments performed on spherical particles with diameter
D ) 2.7 nm dispersed in a-Al2O3 matrix yielded only one
mode at 48 cm-1 (i.e., a period of 0.70 ( 0.05 ps). It is in
good agreement with the prediction of Lamb theory for the
period of the fundamental breathing mode of silver nano-
spheres with diameter D ) 2.7 nm in a-Al2O3 matrix (Tbr,spherealum
) 0.68 ps). The absence of a second mode confirms that the
low-frequency mode is specific to the elongated objects.
We performed systematic measurements for different NCls
heights. In all cases, the periods yielded by the FFT analysis
have been confirmed by direct fitting of the time-resolved
data using the linear prediction singular value decomposition
(LPSVD) technique. More importantly, this analysis gives
access to the damping time and phase of the oscillations of
each of the two observed modes. They will be discussed in
the last part of the paper. Figure 5 shows the period of the
high (a) and low (b) frequency modes as a function of the
NCls height H. The period of the high-frequency mode is
independent of H and is very close to the period Tbr,cylfree )
0.93 ps of the fundamental breathing mode of a free silver
nanorod with diameter D ) 2.4 nm given by eq 1 (Figure
5b). In addition, the measured periods are clearly larger than
that of the breathing mode of a spherical particle with same
diameter confirming a shift from spherical to elongated object
during the deposition process. In contrast, the period of the
lowest frequency mode exhibits a linear dependence on the
NCls height (Figure 5b). The measured periods are consistent
with those calculated for the extensional mode of a free
nanorod (eq 2). Therefore, we ascribed the low-frequency
vibration mode to the extensional mode of the NCls and the
higher frequency mode to their breathing mode.
However, the free nanorod model underestimates the
oscillation periods of the extensional mode. A possible
explanation might be the influence of the matrix. However,
inclusion of the stress-induced matrix effect on the NCls is
expected to reduce the oscillation periods leading to a larger
discrepancy between the calculated and the measured values.
This effect can be illustrated in the case of nanospheres for
which a theoretical model has been developed: the period
of the fundamental breathing mode of silver nanospheres with
diameter D ) 2.7 nm predicted by Lamb theory is Tbr,spherefree
Figure 3. (Full line) Time dependence of the transmission change
∆T/T measured in sample N10b. (Open circles) Fit by the sum of
two exponentials associated with the electron–lattice thermalization
and the nanocolumn-to-matrix energy damping contributions. Inset:
Oscillating component of the signal obtained as the difference
between the two previously mentioned curves (full line) and
numerical fit of the oscillating part with two damped cosine
functions (dashed line). The pump and probe photon wavelengths
are 860 and 430 nm, respectively.
Figure 4. Fast Fourier transform of the oscillating part of ∆T/T
measured in samples N5 (blue dashed line) and N10b (full line)
and low-frequency Raman spectrum measured in sample N10b (red
circles).
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) 0.82 ps for a free particle and Tbr,spherealum ) 0.68 ps for a
particle embedded in a-Al2O3.
Shape effects, i.e., deviations of the investigated NCls from
perfect nanorods, is probably at the origin of this discrepancy.
To address this point, we calculated the period of the
extensional mode of structures mimicking the geometries
observed by electron microscopy using finite element analysis
(COMSOL 3.2). A nanocolumn has been constructed by
stacking of spherical particles with diameter D ) 2.4 nm
partially overlapping, the distance between the centers of
adjacent spheres being d. We assumed a continuous,
homogeneous and isotropic medium and used the elastic
parameters of bulk silver (Young’s modulus E ) 83 GPa,
Poisson’s ratio υ ) 0.36, and density F ) 10 490 kg/m3).
Free boundary conditions (Neumann boundary conditions)
were applied. Figure 5 shows the NCls height dependence
of the computed periods for two limiting situations: (i) a
cylinder with two half-spheres at the edges obtained for very
small d; (ii) a nanocolumn with periodic shrinks obtained
with d ) 0.9 D. The calculated periods are always propor-
tional to the height of the nano-object but with a slope about
80% larger for shape i as compared to shape ii, stressing the
very strong impact of the shape on the acoustic mode
properties. In our systems, imperfections in shape may thus
counterbalance the effect of the matrix and reduce the
discrepancy between the measured periods and the calculated
ones for a free rod. In our case, both effects make difficult
observation of a possible size and shape effect on the metal
acoustic properties, as suggested by experiments in colloidal
solution of gold nanorods.28
In all samples, the extensional mode oscillations show a
quasi-cosine-like behavior. This is consistent with the phase
measured in similar conditions in large spherical nanopar-
ticles (typically D g 20 nm), i.e., associated to a long period
breathing mode.12 As in the latter this suggests that excitation
is dominated by the lattice-mediated displacive mechanism
due to fast lattice heating.12–14 In contrast, the phase of the
NCls breathing mode is shifted by about π/4 in all the
investigated samples suggesting that both the indirect (lattice
heating) and direct (electron pressure) mechanisms12 con-
tribute to its impulsive launching. This increased role of the
electron pressure mechanism is fully consistent with the small
period of the breathing mode (0.93 ps), making this transient
mechanism more probable and concomitantly reducing the
role of the displacive excitation. More quantitatively, as-
suming that, as in nanospheres, the vibration modes can be
modeled by damped harmonic oscillators and using the
Grüneisen parameter ratio deduced from nanosphere data,12
the electron pressure mechanism is estimated to contribute
10 times less to the excitation of the extensional mode than
the indirect mechanism, while the contributions become
comparable for the breathing mode. However, we emphasize
here that in the case of nanocolumns, the simple oscillator
model can only yield a crude description of the mode
launching due to the complex displacement field associated
with their vibration (as compared to spheres).26 A more
precise description of the experimentally measured phases
thus requires a model properly taking into account this
displacement.
One of the main interests of time-resolved experiments
lies in their ability to provide information on the vibration
mode damping. Damping of the oscillations measured in the
time domain are known to be due to both acoustic energy
transfer to the particle environment (homogeneous damping)
and to dephasing of the contribution of the different
nanoparticles that oscillate with slightly different period
imposed by their shape and size.11 When the latter inhomo-
geneous contribution, that reflect samples polydispersity,11,29
is small enough or when dispersity is precisely known,
information on the nanoparticle-environment coupling can
be obtained.11 We measured a damping time for the breathing
mode oscillations close to 1 ps in all the investigated samples.
This is longer for the extensional mode, with experimental
values of 4, 6, and 11 ps for samples N5, N10b, and N20,
respectively.
To analyze the origin of this damping, influence of
polydispersity has been estimated assuming that the breathing
and extensional mode periods are proportional to the NCls
diameter and height, respectively, and using the measured
size distribution. Neglecting the size dependence of the
damping time and phase of the oscillations for our narrow
Figure 5. (a) Measured periods of the high-frequency vibration
mode of silver NCls in a-Al2O3 with diameter 2.4 nm and length
from 6.5 to 13 nm (circles). Computed period of the fundamental
breathing mode (BM) of a free silver nanorod with diameter 2.4
nm (dotted line) and computed period of the fundamental breathing
mode of a silver spherical nanoparticle with diameter 2.4 nm in
a-Al2O3 (dashed line). (b) Measured periods of the low-frequency
vibration mode of silver NCls (squares) and computed period of
the extensional mode (EM) of a free silver nanorod using eq 2
(dotted line). The colored area is delimited by two straight lines
representing the computed period with finite element analysis
considering the two types of structures sketched in the graph and
described in the text.
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size distribution samples, the measured signal can be written
as the sum of the contribution of each nanocolumn:11
Sbr(t)) e-t⁄τh
br∑ D PD(t) cos( 2πTbr(D)t- φbr) (3)
Sext(t)) e-t⁄τh
ext∑ H PH(t) cos( 2πText(H)t- φext) (4)
where Tbr(D) and Text(H) are the period of the breathing and
extensional mode of nanocolumn with diameter D and heignt
H, respectively, and PD(D) and PH(H) their relative number.
τhbr (τhext) is the homogeneous damping time of the breathing
(extensional) mode and br (ext) its phase. With this
approach, inhomogeneous damping times, τinbr and τinext, are
estimated as the time for 1/e decay of the signal neglecting
homogeneous damping (i.e, considering only the summation
over the individual contributions in eqs 3) and 4). For small
inhomogeneous contribution, the homogeneous damping
times, τhbr and τhext, can thus be estimated using: 1/τ ) 1/τinh
+ 1/τh. The inhomogeneous damping time is found to be
much smaller than the oscillation decay time τbr ≈ 1 ps for
the breathing mode, τinhbr ≈ 5.5 ps, yielding τhbr ≈ 1.2 ps (a
similar result was obtained using direct data fitting with eqs
3 and 4). Its contribution is even smaller in the case of the
extensional mode, leading to τhext ≈ τext in all investigated
samples. Similar conclusions were drawn using an analytic
approach assuming a Gaussian size distribution (for which
expressions 3 and 4 can be analytically calculated).29 For
both modes, size effect only weakly contributes to the
measured oscillation damping. The latter thus provides an
estimate of their homogeneous relaxation, keeping in mind
that shape effects, included in the inhomogeneous damping
estimation, could also play a role but are very difficult to
estimate.
The variations of the homogeneous damping times with
the diameter and height of the nanocolumns can be under-
stood using a simple qualitative scaling argument: for a given
vibration mode, the time necessary to evacuate the energy
excess from the NCl to the matrix (homogeneous damping
time) can be estimated as the ratio between the energy stored
in the particle (proportional to its volume) and the surface
through which it flows out of it.11,12 Homogeneous damping
reflects acoustic wave excitation in the matrix due to the
vibration of the particle surface. Conversely to sphere, this
is not isotropic for columns, the breathing and extensional
mode involving mainly displacement perpendicular and along
the column axis, respectively. As a first approximation,
damping thus mainly involves the lateral and end surface,
respectively. Their homogeneous damping time τhbr and τhex
should then be proportional to D/4 and H/2, respectively. In
particular, τhbr is expected to be independent of the NCl
height in agreement with our experimental results yielding
τhbr ≈ 1.2 ps in all the investigated samples. In contrast τhex
is predicted to increase with the NCl height as observed
experimentally. Furthermore, τhex/τhbr is expected to be
proportional to 2H/D consistent with the observed variation
with 2H/D ≈ 5.4 and 10.8 and τhex/τhbr ≈ 3.3 and 9, for the
smallest and largest height samples (N5 and N20), respec-
tively. Though the experimental damping features are
qualitatively explained, a quantitative model of the damping
of acoustic modes of nonspherical nanoparticles has to be
developed. More precise measurements of the extensional
mode damping have also to be performed, for instance,
probing closer to the NCls longitudinal plasmon resonance.
In conclusion, the electron–lattice coupling and acoustic
vibrations of self-assembled silver nanocolumns embedded
in amorphous Al2O3 were studied by time-resolved femto-
second spectroscopy. The characteristic time for energy
losses from the electron gas to the lattice is very similar to
the one obtained in isolated spherical silver nanoparticles
having similar surface to volume ratio. On a longer time
scale, the relative transmission change when probing close
to the transverse plasmon resonance band is modulated by
two acoustic vibration modes excited by the laser-induced
heating. The low-frequency mode has a period proportional
to the height of the nanocolumns. The measured periods are
in very good agreement with the calculations for the
extensional mode of a nanorod. The high-frequency mode
does not depend on the height of the NCl. It has been
identified as the breathing mode involving displacement in
the transverse direction. The frequencies of all observed
vibration modes are consistent with the theoretical models
using the acoustic constants of bulk silver supporting the
fabrication of a continuous structure. Preliminary results
suggest that the damping of these modes is predominantly
homogeneous and is much larger for the breathing than
extensional mode, in agreement with a simple scaling
argument. These first measurements open up the possibility
to study shape effect on the acoustic energy transfer at a
nanoscale.
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